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© Load unbalance in an inverter driven washing 
machine is detected by examining the ripple in the 
DC inverter bus current. Ripple above a predeter- 
mined level is indicative of load unbalance. If the 
ripple indicates the load is unbalanced, the distribu- 
tion cycle of the washing machine is attempted 
again in an attempt to more nearly balance the 
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clothes. After a certain number of tries, if the load is 
still unbalanced the spin cycle is aborted. If the 
ripple falls below a predetermined level before the 
maximum number of tries is reached, the spin cycle 
is started. The frequency of operation is checked 
during the spin cycle to adjust the cycle time to the 
particular degree of load balance achieved. 
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© Load unbalance in an inverter driven washing 
machine is detected by examining the ripple in the 
DC inverter bus current. Ripple above a predeter- 
mined level is indicative of load unbalance. If the 
ripple indicates the load is unbalanced, the distribu- 
tion cycle of the washing machine is attempted 
again in an attempt to more nearly balance the 



clothes. After a certain number of tries, if the. load is 
still unbalanced the spin cycle is aborted. If the 
ripple falls below a predetermined level before the 
maximum number of tries is reached, the spin cycle 
is started. The frequency of operation is checked 
during the spin cycle to adjust the cycle time to the 
particular degree of load balance achieved. 
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Background of the Invention 



This invention relates to electronic control sys- 
tems for household appliances and, more particu- 
larly, to such systems for sensing and correcting 
load imbalances in a washing machine and abor- 
ting a machine cycle if the imbalance cannot be 
corrected. 

Unbalanced loads in washing machines cause 
excessive mechanical and electrical stresses. It is 
thus important to be able to sense when an unbal- 
anced load condition exists and to correct it. Sens- 
ing of load balance using either mechanical or solid 
state sensors (load cells, for example) is costly and 
reduces system reliability. Load balance can also 
be detected directly by sensing the motor/drum 
speed of the machine, but this requires costly 
tachogenerators. In addition, most sensing tech- 
niques require extra electrical leads either to the 
motor or to the rest of the system, which reduces 
both the reliability and cost-effectiveness of the 
system. 



Summary of the Invention 

Among the several objects and features of the 
present invention may be noted the provision of an 
improved system and method for detecting imbal- 
ance of the load in an electric motor driven, drum- 
type washing machine. 

Another object is the provision of such a sys- 
tem and method which attempts to correct an im- 
balance situation before the spin cycle is started. 

A further object is the provision of such a 
system and method which senses imbalance dur- 
ing the spin cycle and corrects the parameters of 
the spin cycle to compensate. 

A fourth object is the provision of such a sys- 
tem and method which enters the machine's spin 
cycle only if no imbalance is sensed, or a sensed 
imbalance corrected, and to otherwise terminate 
machine operation. 

A Fifth object is the provision of such a system 
and method which senses the motor frequency 
during the spin cycle, as an indication of load 
imbalance. 

A sixth object is the provision of such a system 
and method which sets the length of the spin cycle 
as a function of any sensed load imbalance. 

A seventh object is the provision of such a 
system and method which terminates the spin cy- 
cle if too great a toad imbalance is sensed. 

An eighth object is the provision of such a 
system and method which is implemented utilizing 
existing components in the machine so as to not 
increase the cost or complexity of the machine. 



Other objects and features will be in part appar- 
ent and in part pointed out hereinafter. 

Briefly, a method of the present invention is 
directed to sensing and correcting load imbalance 

s in a household appliance such as a washing ma- 
chine, which appliance has an operational cycle 
divided into at least a load distribution portion in 
which the load is distributed with respect to an axis 
and a post-distribution portion in which the load 

w revolves about the axis of rotation at a relatively 
high speed. The load is driven by an induction 
motor powered by a direct current inverter drive. 
The method includes the step of, at a predeter- 
mined point in the load distribution portion of the 

is operational cycle of the appliance, energizing the 
motor at a predetermined frequency to drive the 
load at a predetermined nominal speed. The ripple 
in the direct current through the inverter drive whiie 
the motor is energized at the predetermined fre- 

20 quency is examined and compared with a predeter- 
mined reference. The post-distribution portion of 
the operational cycle is started only if the ripple 
falls below the predetermined reference. 

A washing machine of the present invention is 

25 capable of sensing and correcting load imbalance. 
The machine has an operational cycle which in- 
cludes a distribution cycle and a spin cycle. It 
includes a drum in which items to be washed are 
placed, which drum has an axis of rotation about 

30 which the drum is rotatable. An induction motor is 
operatively connected to the drum to drive the 
drum about its axis of rotation and a direct current 
inverter drive is provided for powering the motor. A 
control circuit controls the motor by way of the 

35 inverter drive. More particularly the control circuit 
controls the motor to run the machine through its 
operational cycle including the distribution cycle in 
which the items to be washed are distributed about 
the drum and the spin cycle in which water is 

40 removed from the items to be washed. The control 
circuit is responsive to the machine t reaching a 
predetermined point in the operational cycle for 
energizing the motor at a predetermined frequency 
to drive the drum at a predetermined nominal 

45 speed. The control circuit examines the ripple in 
the direct current through the inverter drive when 
the motor is energized at the predetermined fre- 
quency and compares the ripple with a predeter- 
mined reference. The control circuit is responsive 

so to the comparison of the ripple with the predeter- 
mined reference to start the spin cycle only if the 
ripple falls below the predetermined reference. 

A control system for a washing machine of the 
present invention is capable of sensing and cor- 
recting load imbalance. The machine itself has an 
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operational cycle which includes a distribution cy- 
cle and a spin cycle. The machine also has a drum 
in which items to be washed are placed, the drum 
having an axis of rotation about which the drum is 
rotatable. An induction motor is operatively con- 
nected to the drum to drive the drum about its axis 
of rotation. A direct current inverter drive powers 
the motor. The control system is responsive to the 
machine reaching a predetermined point in the 
operational cycle for energizing the motor at a 
predetermined frequency to drive the drum at a 
predetermined nominal speed. The system exam- 
ines the ripple in the direct current through the 
inverter drive when the motor is energized at the 
predetermined frequency and compares the ripple 
with a predetermined reference. The control sys- 
tem is responsive to the comparison of the ripple 
with the predetermined reference to start the spin 
cycle only if the rippJe falls below the predeter- 
mined reference. 



Brief Description of the Drawings 

' Fig. 1 is a block diagram of a washing ma- 
chine control system of the present invention; 

" Fig. 1 A is an electrical schematic of a cur- 
rent sensing circuitry in the system of Fig. 1; 

" Tig. 2 is a flowchart representing operation 
of a washing machine during the distribution cycle; 

Figure 3 is a graph representing bus current 
in the inverter drive by means of which load imbal- 
ance is sensed; and, 

Rg. 4 is a flowchart of the operation of the 
washing machine irr the spin cycle. 

Corresponding reference characters represent 
corresponding parts throughout the several views 
of the drawings. 



Description of the Preferred Embodiment 

The present invention is embodied in a top 
load washing machine 10 (Rg. 1) although the 
invention is not limited to any particular type of 
washing machine or any particular washing ma- 
chine construction. Washing machine 10 is a verti- 
cal axis agitator type washing machine having a 
cabinet 16. A hinged lid 18 is provided in the usual 
manner on the top of the machine for access to the 
interior of the machine. 

A control panel or control console 20 is located 
at the top rear portion of washing machine 10. 
Arranged on console 20 are various user selectable 
controls including a timer 22 and temperature se- 
lector 24. Other controls, such as a control switch 
25 may be provided, it will be understood that 
console 20 provides user access to a plurality of 
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appliance performance functions or options among 
which the user of the appliance may choose. The 
controls may be implemented by means of push- 
button switches, touch pads or other suitable user 

5 operable switches. 

A fluid containing tub 26 is disposed within 
washing machine 10. A perforated basket or drum 
28 is mounted within tub 26 for rotation about a 
vertical axis. An induction motor 32 is operatively 

10 connected to drum 28 to drive the drum through its 
necessary motions in the operational cycle of the 
machine. It should be understood that the oper- 
ational cycle includes a distribution cycle in which 
clothes to be washed are distributed in the tub and 

75 a spin cycle, which follows the distribution cycle, in 
which water is removed from the clothes in the 
drum. Those skilled in the art will recognize that a 
variety of drive arrangements can be utilized with 
motor 32. Motor 32 may even be directly attached 

20 to either the agitator or spin basket of the washing 
machine to directly control operation of the wash- 
ing machine. As will be appreciated by those 
skilled in the art, the washing machine described 
herein is by way of illustration only. In practice 

25 machine 10 may comprise any of a variety of 
commercially available appliances. 

Motor 32 is preferably any of a variety of 
commercially available induction motors. For exam- 
ple, motor 32 may be a single-phase AC induction 

30 motor designed for single-phase, 0 -500 hertz op- 
eration with a power rating of 500 watts. 

The drive system of the present invention con- 
trols the functioning of washing machine 10, includ- 
ing the functioning of electric motor 32. A user of 

35 the appliance selects from among the various per- 
formance options of the appliance and the appli- 
ance is controlled by the drive system to operate in 
accordance with the selected options. The selec- 
tion means by which the user selects from among 

40 the performance options comprises the control 
console 20. As noted, console 20 includes a plural- 
ity of switches, such as switches 24 and 25, by 
which the user selects those performance options 
which the user wants the appliance to perform. 

45 The drive system includes a first control means 

102 which in the present embodiment is a control- 
ler or control circuit 104. It should be understood 
that the control circuit can include both discrete 
and integrated devices as will be apparent to those 

5a of ordinary skill in the art in view of the present 
disclosure. The control circuit is responsive to the 
switch settings or options selected by the user. 
The control circuit monitors the operational status 
of the appliance through the inputs from various 

55 conventional sensors (not shown) such a door posi- 
tion sensor, a sensor indicating the water level in 
tub 28, and a sensor indicating the water tempera- 
ture in the tub. In response to these various user 
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FIG. 2. 




EP 0 394 177 A2 



NO 



ABORT SPIN CYCLE 



SPIN CYCLE 




YES 



NO 




YES 



COMPLETE SPIN CYCLE 
AT MOTOR OPERATING 
SPEED 



ADJUST CYCLE TIME 
FOR LOAD 



COMPLETE SPIN CYCLE 
AT REDUCED MOTOR 
OPERATING SPEED 



FIG. 4. 



feNSDOCia <EP 0394177A2_I_> 



